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6 ASETRACT

The Risk Reduction Engineering Laboratory has monitored block-wide building
demolition and debris disposal activities at Santa Cruz and Watsonsville, California
following the earthquake, an implosion demolition of a 26-story building in
Cincinnat{, Ohio, and the demolition of two school buildings in Fairbanks, Alask: to
evaluate if the demolition activities and their associated dust contrel practices
were able to prevent downwind elevations of asbestos concentrations.

The analyses of the air samples were perfaormed using the Transmission Electron
Microscope for ambient air Yesvels. Personnel monitoring at the Santa Cruz landfill
and the Fairbanks landfill during disposal activities were analyzed by both TEM and
phase contrast microscopy.

The paper documents the conditions af the buildings, demolition practices, dust
control practices, and up and downwind asbestos concentrations during demol{tion.
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Asbestos Release
During Building
Demolition Activities

Roger C. WilmothA, Kim A. BrackettB, Patrick J. ClarkA,
Bruce A. Holett?, Thomas J. Powers®, and James R. MilletteC

The U.S. Environmental Pratection
Agency’s (EPA) Risk Reduction Engi-
neering Laboratory (RREL) monitored
blodk-wide building demolition and
debris disposal adtivities of Samta Crez
ond Watsonsville, California following
the 1989 earthquake; an implosion
demolition of a 26-story bullding in
Gncinnati, Ohic; the demolition of eight
waoden barracks at For? Bliss, Texas;
and the demoktion of twa school
buildings in Fairbonks, Alaska fo
evaluate if the demolition activities and
their assodated dust contral practices
were able to prevent downwind
elevations of ashestos concentrations
ond to measure the concomitant worker
expasure levels.

: or the study dewiled here. ambient
F air samples for trunsmission slec-

wron microscopy (TEM) were col-
lecied on shortwowled three-picce sam-
pling cassettes cuntaining 3 0.45 um pore
mixcd cellulose ¢ster (MCE) membrane
filler backed by a § um pore MCE diffusing
filter and support pud. Analysis of the
ambient uir samples was performed in the
RREL Electron Micruscopy Facility using

the TEM following all the standard QA/QC
procedures and methodology required by
the Asbestos Hazardous Emergency Re-
sponse Act! (AHERA) protocol. Person-
nel monitoring at the Santa Cruz landfill
and the Fairbanks landfill during disposal
were collecied and analyzed in accordance
with the National Institute for Occupa-
tional Safety and Heslth (NIOSH) 7400
phase contrast microscopy (PCM) proto-
call and by TEM according to 2 mudified
AHERA protocol, where all length and
widthmeasurements are recorded. Sample
volurnes during thesc investigations varied
according 10 the duration of the paricular
task and ranged from about 130 licers 1o 545
liters, yielding Jimits of detection ol sbout
0.01 fibers per cubic ccntimeter (f/cc)
maximum 1o 0.003 f/ec minimum. Person-
nel monitoning atthe Fort Bliss sitc was by
PCM alone. Flow rates for personal
samples typically were berween 1.5 10 2
liters per minute. For statistivul purposcs,
TEM samples in which no ashextos struc-
tures were counted were reported as zero
structurcs per cubic centimeter (s/cc).

Cakfornia Eovthguake

Alter the 1989 California carthyuake
along the San Andreas lault, damaged
buildings wecre condemucd and rapidly
demolished. The Montercy Bay Unified
Air Pollution Control District and EPA

Region 1X asked RREL to cvaluate the
effectivencss of cmission control pracrices
used during demolirion in preveating sig-
nificant airbome asbestos release in the
communities involved. RREL monitored
two separate demolition actvitics, one in
the Pacific Garden Mall in Santa Cruz and
onc in downtown Watsonsville. In both
lacations, building construction was sirmi-
lar. being mostly two-story hrick buildings
with common walls to adjacent buildings.
The existance of asbestos in he structures
could not be confirmed. because access 10
the interior of the buildings for observa-
tions and bulk sampling was prohibited for
safety reasons. Since asbestos existed in
similar nearby undamuged buildings, it
was presumed (o exist in the demolition
areas as well. Typical asbestos-containing
materials (ACM) In adjacent buildings
consisted of vinyl usbestos tile and thermal
system insulation on pipcs and bailers.
Contml practices consisted of spraying the
demolirion sit¢ with watcr from fire hoses
while demolition bulldozers, endlouders.
andi rrucks were operating. In Santa Cruz
(T'able 1). the demolition activity released
minimal asbestos. {n Watsonsville, higher
levels { Table ) ncasurcd dowawind of the
demolirion ware statistically significant (p
= 0.002) snd were probably causad by the
colfapse of u three-story building during
the munitoning period.

Al Samta Cruz. the demolition gcbris



Table I— Asbestos Release Dwring Demolition and Disposal, Santa Gruz and Watsonville, Cakifornia, 1989

Sampling Site Location Date Nuraber of Mean Air Concentralion
Sampled Samples Vaolume (L) s/«* (Mean)
Pacific Gorden
Mol, Sonta Crex- Backgroved 11/03/89 9 1379 0.005
Downwiad 11/03/89 10 1527 0.003
Background 11/04/89 10 1029 0.006
Downwind 11/04/89 10 1023 0.008
11/06/39 10 895 0.008
Downwind 11/06/89 10 1030 0.004
Mowiipel Landfl,
Sante Crux Bodkgroend 11/03/39 4 975 0.006
Downwind 11/03/39 5 1308 0.005
Bulldezer (cb 11/04/89 ] 210 0.009
Operutar 11/04/89 2 176 0.060
Watsonville Badiground 11/07/89 4 3111 0.006
Dewnwind 11/07/89 5 804 0.051
*s /e = Structures per cublc confimeter All meons are arfthmetic.
Figure 1— Size Romge (Area Somples)
was taken to the Jocal municipal landfill. | Frequeacy %
causing interest in the potential far worker Padfic Gorden Matll !
exposure. At the request of the Monterey 70
Bay Unificd Air Pollution Control District,
two days of activity at the dump were | 60

monitored, concurrent with the sampling of
the demolition. Area samples were taken
on the first day (for TEM analyses) and
personal monitoring samples (for both
TEM and PCM analyses) were taken on the
second day. No significant increase was
seen (p = 0.8254) when the upwind and
downwind asbestos levels were compared
using TEM analysis; however, TEM analy-
sis of personal samples takcn on the bull-
dozer operator revealed elevated levels
(Tablc I). The PCM counts on these
samples averaged 0.32 f/cc. The high PCM
counts promptled an inspection of those
filters by TEM at low magnificatdon to
dctermine if the fibers seen by PCM were
asbestos — none were.

The size.distribution of the structures
counted by TEM for the Pacific Garden
Mall and Watsonville appear in Figure 1.
Figure 2 prescnts similar data for the area
and pecrsonal samples taken at the Santa
Cruz landfill. 1n all cases. the majority of
the structures seen was less than 2 um in
length: however, there was an apparent
increasc in structures above 2 um on the
samples from the pump mounted in the
bulldozer cab and in those from the breath-
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Table li— Asbestas Release During Implosion Desnokition

Concentration
Range (s/«c*)

0.0-0.005
0.04-0.11

Time intervl ~ No.of  Mean Ax
- Stort/Deration  Senples Volume (1)

668
4“3
143
165
161
160

v Location

- Omn/1S
+20 min/1.5
+30 min /0.5 br
+40 min /0.5 e
Downwind +60 min/0.5 v
Downwind +70 min/0.5 br

*s/cc = Structeres per cubic centimeter
All means are arithmetic

Downwind
Downwind
Downwind
Downwind —_

P

—.‘-‘—-‘uw

the debris. There
were, however, in-
stances of statisti-
cally significant
elevation (p <
0.03) of airbome
asbestos levels
above background
during the han-
dling of debris de-
spite the lack of
visible emissions.
These limited data
support the
premise in the Na-
tional Emission
Standards for

Concentration
s/ (Meon)

0.003
0.07
0.11
0.067
0.068
0.030

4-5 >5

Cab
I Orerator

13-4
Porticde Longth Range (Mitrens)

Bulidoxer Samples

4-5

2-3 >5

Purtide Langth Rangs (Microns)

0-1 12 34

ing zone of the operator, relative 10 the area Visible cmissions were observed dur-
samples. All asbestos structures observed  ing the structural collapse of buildings but
in the area and personal samples contained  were generally not apparent dunng loading
chrysotile. operations when firehoses were uscd to wct

Hazardous Air Pollutants (NESHAP) (Pro-
posed Rules, Junuary 10, 1989, 40CFR Part
61, page 925) that the absence of visible
emission is not sufficient evidence wo as-
sume no fugitve partculate emission oc-
curs.

mplasion

RREL was able 10 monitor an implo-
sion-type demolition of a 26-story building
from which all known asbestos (other than
vinyl asbestos tlc [VAT]) had been re-
moved in full accordance with the provi-
sions of the applicable asbestos NESHAP.
Air sampling siwes were placed at four
quadrants centered about the building at a
distance of approximately 500 to 600 feet
Samples were collected downwind prior 10
the implosion wo serve as baseline data. The
downwind sampling protocol consisted of
one set of samples o be starred immedi-
ately after implosion which were 1o run for
1.5 hours. Additionally, two sets of three
sequential samples of 0.5-hour duration
were collected. One set was started at the
time of the detonation. with the second set
being started ten minutes later. The iniual
I.5-hour sampies were overioaded with
debris within minutes. 50 a second set was
started approximately 20 minutes after the
implosion. The first sample of the two
sequential sets wis also found to be too
heavily loaded to analyze by direct prepa-
ration methods. The results from the re-
maining samples arc presented in Table [1,
with the size range of particlex at the vuni-
ous time intervals given in Figure 3. The
data showed initially clevated airbome as-
bestos levels downwind of the site. which
rupidly decreased in concentration and sizc



with time. No elevation above background
was observed in the other three quadrant
samples. Bulk samples of the airbome
debris which settled on surfaces atthe same
distance downwind as the air samples were
analyzed by Polanized Light Microscopy
and containedwace amounts of chrysatile.

There is no way (o assure that all the
asbestos originally present in the building
was accessible and/or totally removed (ex-
cept for the VAT, of course, which re-
mained in place).

Our conclusion was that the forces
involved in the sudden collapse of & 26-
story building provide sufficient energy to
make non-friable materials (such as VAT)
friable and this may also have contributed
10 the observed asbestos concentration at
the ume of the demolition. No control
options (such as wetting) were utilized dur-
ing this demolivon; it is difficult, however,
to envision contral technologies that would
be 100% cffective in preventing asbestos

release considering the massive forces in-

volved in this demolition mode.
U.S. Army — Fort Bkss, H Paso, Texas

RREL assisted the US. Army Corps
of Engineers, Tulsa District, in evalusting
asbestos releasc during demolition of sev-
eral two-story wooden barracks. The only
known asbestos remaining in the building
was VAT that contained as much as 20%
chrysotile asbestos over mastic that con-
tained 15% asbestos and caulking com-
pound. The buildings were demolished by
1 bulldozer and a backhoe with a demoli-
tion claw bucket No werting was used
during the demolition process. This work
was donec under the auspices of a Federal
agency asbesios workgroup known as the
Asbestos Development and Demonstra-
ton Inidatives Group (ADDIG), which is
comprised of the EPA, components of the
Department of Defense (DoD) (including
the Air Force, Navy, Armmy, and DoD De-

pendents Schools) and scvera] other fed-

eral agencies.

Air samplers were placed at varying
heights and distances downwind of the
demolition site. Dust collection samplers
were placed at four locations ncar the up-
wind and sclected downwind sampling
sites and wcre open for the duration of the
corrusponding air collection period (ap-
proximatcly seven hours.} The dust
samplcs were analyzed at MV A, Inc. using

Table ll— Asbestos Release During Fert Bliss Demolition Activity

Sampling Ne. of Mean Air Concentration  Comcemtration -~
Site Samples Volume (L)  Romge (s/«®) s/« (Mean)
Upwind 4 1264 0.0-0.009 0.003
Downwiad 19 9700 .0-0.041 0.014
*s/ct = Shructures per cobic contimeter
Al means ore srithmeti.
Figure 3—Asbestes Partide Length Renge (lmplosion Demelition)
Dewwwind Samples L] Beckgraend 5 Derwind +20m for 154
Frequency % .:x-u.aau (1] seqventiei +60m for 8.53
Sequealinl +7¢ for 0.0
A Sequentis +40 lor i)
100 S |
80 ||i
X £
20 i HH
i || B
0 s ZIe
0-1 1-2

Particle Longth Range (Microms)

Figure &—Ashestos Partide Length Range
(Fort Bliss Barracks)
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4nexperimental indirect preparation proto-
col. A large number of air and personal
samples were collected and sent 10 an inde-
pendent Iaborutory for analysis and will be
reported by the Corps of Engineers. Sub-

Exvironmental Choices Tochaical Sepplomen * March/Apeil 1993

sets of these samples were analyzed by the
EPA-RREL TEM Laboratory. The results
of the EPA air samples are presenicd in
Tabie L1, with the accompanying size dis-
wibutions in Figure 4. The asbestos struc-




Table IV— Asbestas Release Doring Desmofition and Disposal
Aurora Hementary School

Sampling No.of  Meon Ar
Site Somples Volowe (1)
Upwind 24 212
Downwind 32 2295
Dump Dowawind & 1906
PERSONAL SAMPLES

Bockhoe 3 380
Truck Driver 6 425
Dump Cot 1 390

*s /e = Structures per cubic contimeler
All means are arithmetic.

Concontration  Concentraiion
Ronge (s/tc") s/t (Mean)
0.0-0.004 <0.001
0.0-0.028 0.002
0.0-0.002 < 0.001
0.004-0.176 0.040
0.0-0.10 0.003
-— 0.009

Toble V—Asbestos Releass During Demolifion and Disposal
Fert Woinwright Scheol

Somplieg Site ~ No.of  Meon Ar

Samples  Volume (1)
Upwind Day 1 4 2555
Downwind Day 1 15 2019
Dumg
Downwind Day 1 2 2305
Upwind Day 2 0 -
Downwind Day 2 8 1974
Domp
Downwind Doy 2 2 2421
*s /e = Shructores per cubic conlimeter
AR means are arithmetic.

Concontration  Concentration
Ronge (s/c”)  s/cc (Mean)
0.0-0.002 <0.00]
0.0-0.020 0.002

- < 0.002
0.0-0.003 9.001

— 00

wres found were a mixmre of chrysotile
and amosite. The presence of a significant
number of amosite fibers indicates that
there wis sone source other than the floor
lile. No asbestos was found by MVA in the
butk dust samples. Anofficial report of this
sudy is in preparation and will be available
from the Ammy Corps of Engineers. Pre-
liminary findings indicate that there was no
statistically significant elevation of TEM
asbestos concenwrations downwind of the
site3, Personal samples (PCM) ull fel) be-
low the limit ol detection when counted

according to the NIOSH 7400 method, and
were thercfore in conformance with the
Occupational Safety and Health Authority
(OSHA) standards for worker exposure,

LS. Army — Fort Wainwright, Alaska

RREL assisted U.S. EPA Region X
and the Fairbanks North Star Borough in
evaluating asbestos releasc from the demo-
lition of two block and frume school build-
ings oa Fort Wuinwright in Fairbanks,
Alaska. All friable asbestos hud been re-

moved from both buildings in accordance
with the asbestos NESHAP, leaving only
vinyl asbestos dle (between 3 and 7%
chrysotile) and asbestos~containing roof-
ing matcrial (as high as 20% chrysotile).
The damolition was done by large back-
hoes and front end loaders that loaded the
debris into tucks for transportation to the
dump. EPA monitored emissions from the
first site and a Certified Industrial Hygien-
ist (CIH) with the Fairbanks North Star
Borough monitored the worker exposure.
All samples aken from the second site
were collected by the CIH. The demolition
workers made an artempt during the study
io wet the debris with warer from a lank
truck during active demolition. The wet-
ting effort was marginally successful as an
insufficient volume of watcr was spplied to
the site. Nauwure assisted somewhat ia this
regard as there was intermitteat rain during
the demolidon of the first building. Al
samplcs from the first site (Aurora Elemen-
tary) were collected over & threc-day pe-
riod. Samples fram the second site (Font
Wainwright) were cojlected over a two-
day period.

TEM levels from the Aurora Elemen-
tary building (Table [V) averaged well be-
low 0.005 asbestos sfcc, which is negli-
gible, and there was no statistically signifi-
cant (all p vajues were > 0.05) difference
between the upwind and downwind asbes-
tos levels. A single spike of asbestos re-
lease (0.096 s/ce) was obscrved in one
sample as detected by TEM. All siructurcs
found contained chrysotile <3 uminlength
with the exception of one amphibole fiber
(actinolite). There were no significant re-
leases of ashestos observed by TEM analy-
sis in the downwind sampies at the dump
site. TEM levels from the Fort Wainwright
school were also negligible (Table V). The
downwind samples frem the two days of
demolition activity had a total of twelve
observed chrysotile asbestos structures. all
<l.S pmin length.

The worker exposure levels as deter-
mined by PCM were all bejow the OSHA
action level of 0.1 f/ce. TEM examination
of the personal samples was conducted to
identify and quantitate the actual concen-
tration of asbestos fibers longer then 0.5
pm. The results appear in Table IV und
Figurce S. The operations perfurmed by the
backhoe and truck drivers caused the high-
est exposure concentrations (as opposcd
to timec-weighted-averages, including a

Forvironmantel Choicss Tochnical Supplement © Mardh /Aprd 1993
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Figare 5—Asbestos Particle Longth Range

Aurora Disposal
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- Dump Cat Operstor

3-4

23
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number of chrysotile fibers over 5 um long
and scveral long amphibole fibers includ-
ing amosite, tremolite and actinolite.
Tremolite and actinolite may have been
present in the floor tilc as they often occur
as “contaminants™ of the chrysotle used.
Amosite was the most common amphibole
and suggests the presence of an unidenu-
fied source. :

Semmary

These four studies include three sites
in which the friable asbestos had been re-
moved prior to demolition (Fort Bliss,
Fairbanks, and the implosion site) and two
sites in which no pre-demolition removal
had been done (Santa Cruz and
Wautsonsville). :

While these few number of sitas can-
not be considered as representative of all
demolition activities, the sites where the
friable asbestos had been removed prior to
demiolition had no statistically significant
(where p values were < 0.05) increase inthe
downwind asbestos concentration as a re-
sult of the demolition activity, exceptin the
case of the implosion technique. The sites
where no pre-removal was done experi-
enced severdl instances of brief, statst-
cally significant elevations of downwind
asbestos concentrations. None of the per-
sonal samples exceeded the OSHA action

leve] when measured by the NIOSH 7400
PCM method; however, the presence of
chrysotile and amphibole fibers on these
samples as revealed by TEM would indi-
cate that these activitics should be closely
monitored.

ACKNOWLEDGMENTS

The authors wish to thank the follow-
ing for their contributions to the research
summarized in this paper: Asbestos Dem-
onsmation and Development Group, and
parncularly Gary Jacks of the U.S. Air
Force and Dick Caldwell of NAVFAC for
partal funding: Diana Redmond of RREL:
Burl Ragland and Richard Smith of the
U.S. Army Corps of Engineers; Eugenia
Shirom, Cory DeMaris, and Susan Seirz of
IT Corporation for TEM anuiytical support
at RREL; Barb Meycer and Chnistine Hary
of Computer Sciences Corporation for sta-
tistical and graphical support at RREL:
Doug Quedin. Larry Odle, and ¥d Kendig
of the Monterey Bay Unified Air Pollution
Control District; Bub Peterson, Kent
Kitchingman, and Joanne Semones of U.S.
EPA Rcgion IX; Mike Taylor of the
Fairbanks North Star Borough; und Sims

- Roy of the U.S. EPA Office of Air Quality,

Planning, and Standards.

REFERENCES

1) Code of Federal Regulations. Asbcs-
tos-Containing Materisly in Schools; Final
Rule and Notice. 40 CFR Part 763, Appendix A
to Subpart E. U.S. Envirunmental Prutection
Agency, Washington, DC, October 30, 1987,
pp. 4187041893,

2) Baron, P. Method 7400. NIOSH
Manual of Analytical Merhods, Revision No.
3. National Institute for Occupational Salety
and Health. Cincinnati, Ohio. May 1989. pp.
7400-1 10 7400-14.

3) Caldwell, Richard. Non-Friablc As-
bestos Removal: Let's Try Some Innovative
Mcthods. Navy Civil Engineer Spnng:5-8,
1992.

AUTHOR AFILLILATIONS

A R.C. Wilmoth, PJ. Clark, BA. Holler.
TJ. Powers Water and Hazardous Wasre
Trearment Research D{vi:/nn, Risk Reduc-
tion Engineering Laboratory, U.S. Envi-
runmental Protection Agency. Cincinnals,
Ohiv 45268.

B KA. Brucken. IT Corporation. 11499
Chester Road, Cincinnari, Ohio 45246.

C J. R. Milletie, Ph. D.. MVA. Inc.. SSOU
Oak Brook Purkwuy Norcross, Ga. 30093,

TOTAL P.@6




